Introduction
Safeguarding the nutritional status of breastfeeding infants and of their mothers, depends on the period of lactation and the quantity and quality of the moth-ers' milk. Mother's body reserves may not be enough to meet the traditional long periods of lactation in deprived populations [1] . Consequently, it is essential to accurately assess the amount of human milk produced, as well as the mother's body fat content during the lactation period.
Isotope dilution methods to measure infants' milk intake have been validated against the direct weighing of formula bottles and with the test-weighing technique in the case of breastfeeding [2] [3] . Using deuterium as a tracer, measurements can be carried out with minimum interference on the lactation process. The dose-to-themother deuterium-dilution method to measure both infant milk intake and mother's body composition uses isotope ratio mass spectrometry (IRMS) to quantify deuterium in body fluids [4] . In spite of its potential advantage in field studies of human lactation, it has been limited because of mass spectrometry availability. This equipment is expensive and requires specialized operation and maintenance. Alternative methods have been proposed for deuterium determination in water [5, 6] . These include infrared spectroscopy [7] [8] [9] , which is widely available.
An inexpensive technique to quantify deuterium oxide (D 2 O) by infrared spectroscopy (IRS) in saliva samples was developed and compared with isotope ratio mass spectrometry determination of the same samples. This was applied to measure average daily milk intake of breastfed infants as well as maternal body fat.
Methods and materials

Subjects
Ten low-income lactating women and their infants from Hermosillo, Sonora, Mexico, participated in the study. They had full term (breastfed) infants of appropriate gestational size and age. Written informed consent was obtained from the mothers to participate in this study, which was approved by the Ethical Com-mittee of Centro de Investigación en Alimentación y Desarrollo, where the study took place.
Doses and sample collection
The study was conducted over a 15-day period. At days 0 and 14 weight and length measurements were taken. Saliva samples were obtained at home for milk intake and total body water estimation by the deuterium (D 2 O) dilution method. On the first day, mothers received an oral dose of 1.5 mol (30g) of D 2 O 99.8% (Cambridge Isotope Laboratories, Andover, Mass., USA). Saliva samples were collected from mothers and infants (1 ml) at days 1, 6 and 14; and 1, 2, 5, 6, 13, and 14, respectively, after dosing the mothers. The samples were frozen at -70°C.
Sample sublimation
A simple sublimation system connected to a freeze drier was used [10] to obtain water from saliva. Each frozen saliva sample was placed inside an ice bath, vacuum was applied, and sublimated water was condensed in a trap to constant temperature (-30°C). D 2 O in different concentrations was completely recovered on condensation flasks to avoid fractionation. Time of sublimation for saliva was 1 ml/hour.
D 2 O measurements by infrared spectroscopy (IRS)
Deuterium abundance was measured by IRS with a CaF 2 cell (Miran 1FF, Foxboro Co., Mass., USA). Measurements were taken after filtration (0.22µm) at 2513 cm -1 under controlled temperature (15°C). A programmable voltmeter (Mod. 83 III, Fluke Corporation, Everett, Wash., USA) was installed to the detector signal, for digitizing and averaging absorbance measurements. A calibration curve was checked every day using a deuterium stock solution (2000 ppm). Each dilution or sample was loaded into the cell using a syringe. All standards and samples were measured in duplicate after adjusting the absorbance to 0 with water or basal saliva.
D 2 O measurements by isotope ratio mass spectrometry (IRMS)
Sublimated samples were analyzed by IRMS at the Instituto de Nutrición y Tecnología de Alimentos (INTA) in Chile. The samples were isotopically equilibrated with hydrogen for three days, using platinum on alumina powder as a catalyst [11] . The deuterium content of the resultant gas was compared with that of known calibrators, using HYDRA (Europe Scientific, Crewe, UK) and the results were converted to the V-SMOW (Vienna Standard Mean Ocean Water) scale [12] .
Milk ingestion and body composition
The dose-to-mother D 2 O-dilution method was applied and babies' milk intakes were estimated by a program modified to obtain a better curve adjustment using the IRS concentration values. Mothers' and babies' data samples were introduced to the program to calculate milk intake based on in vivo tracer kinetics. The computer program also calculated the mothers' D 2 O enrichment at the equilibration time. Thus, total body water and percentage of body fat were obtained from the program as well.
Statistical methods
Statistical analysis was done (NCSS ® , 1997; Kaysville, UT, USA) and results were expressed as means ± standard deviations (SD). Accuracy of the technique was examined by a Student's t-test (p < .05) and regression procedures. The comparison was considered accurate if the regression between IRMS and IRS had a slope not significantly different from 1 and an intercept not significantly different from zero. Precision was assessed by the model R 2 and the standard error of the estimate (SEE) from the regression procedures described above. Bias was examined using the procedures of Bland and Altman [13] .
Results
The mean age of the 10 healthy lactating mothers was 21.7 ± 3.4 years (range 16.9 to 27.5 years) and their weight was 62.7 ± 8.1 kg (range 49.6 to 74 kg). Mean weight of the infants under three months old, was 4.5 ± 0.9 kg (range 3.6 to 6.4 kg).
D 2 O analysis by IRS and IRMS
Accuracy and precision of D 2 O concentration analyzed by infrared spectroscopy (IRS) in comparison to isotope ratio mass spectrometry (IRMS) was studied for 88 sublimated saliva samples. Mean D 2 O concentrations obtained by IRS and IRMS were 340 ± 209 and 345 ± 202 ppm, respectively, within a range of 21 to 1,022 ppm. The mean difference between the methods was 4.62 ± 76.3, which was not different from zero (p = .57). The standard deviations of the difference showed a considerable dispersion by the Bland and Altman analysis ( fig. 1 ). The discrepancy between the measurements on both instruments showed no significant overall bias (r = 0.10; p = .33), however it showed a wide range of dispersion within the 95% limits of agreement (mean ± 2SD). The tendency to bias was more pronounced at lower concentrations of deuterium in the range of 200 to 500 ppm.
The relationship between D 2 O concentration by IRS and IRMS ( fig. 2 ) deviated significantly from the line of identity in terms of the intercept (p < .01) but not of the slope (p > .90) that was not different from 1. This relationship was explained by the following correction equation: Actual D 2 O concentration = 0.896 × D 2 O concentration by (IRS) + 39.89 ppm (table 1).
Infant's milk intake and mother's body fat
Milk intakes using data obtained by IRS ranged from 280 to 1,290 g/day and the mean (624 ± 296 g/day) was not different (p = .64) from that determined by IRMS (634 ± 327 g/day). The mean mother's percent body fat by IRS and IRMS were 31.3% ± 12.4 and 31.5% ± 13.1 (p = .755), respectively. For milk intake, the difference between the methods was 10 ± 65.7 g/day, with 95% limits of agreement from -121 to +141. The discrepancy analysis showed a strong tendency to bias, however non-significant with an intercept of -54.7 (p = .26) and a slope of 0.10 (p = .15). The relationship of milk intakes' means by both methods and the difference between them showed a correlation of 0.48; p = .15.
The difference in the mothers' percent body fat by the IRS and IRMS was 0.194 ± 1.9% and was not different from zero (p = .74). Limits of agreement were from -3.6 to +4.0. The discrepancy analysis for mother's body fat showed an intercept and a slope of -1.67 (p = .33) and 0.059 (p = .25), respectively. The relationship of the body fat's mean by both methods and the difference between them showed a correlation of 0.38; p = 0.25.
Regression analyses of infants' milk intake and mothers' body fat were performed using IRS and IRMS data. There was a significant relationship between measurements obtained for milk intake (r = 0.983, p = .0000) and percent body fat (r = 0.991, p = .0000). Precision of IRS determined from the model R 2 and standard error of the estimate (SEE) from the regression procedures is listed in table 1. The IRS technique explained 96% and 98% of the variance for milk intake and percent body fat, respectively.
Discussion
The use of IRS to quantify deuterium oxide concentration in physiological fluids has the potential to be an alternative technique to IRMS for lactation and body composition studies by dilution and wash-out kinetics principles. In this study, D 2 O concentration between the IRS and IRMS methods were not different, however, the standard deviations were large. Bias although not significant, did show a wide dispersion. Accuracy from the standpoint of the line of identity, showed that the intercept was different from zero and a correction equation was applied.
One of the limitations of the IRS technique is the precision (CV, 7.17%) for repeated measurements of the same sample. By IRMS or Fourier transform infrared spectroscopy (FTIR) it is possible to obtain CV < 1.0% [7, 9] . Another limitation for IRS technique is the quantity of sample required for the analysis, 400 µl of sublimated sample was required to fill the cell and ports. Even most important, is the poor sensibility of the IRS, several times lower than that of the IRMS.
Although there was no significant bias in either milk intake or in the mothers' percent body fat derived from D 2 O concentration examined by IRS and IRMS, large standard deviations were observed especially with regard to milk intake. The limits of agreement for individual estimates indicated that both methods could differ by as much as 130 g/day, which would be equivalent to 21% of the overall mean milk intake. Mean values for body fat were essentially identical and the 95% limits of agreement represents about 13% of the mean body fat observed in these women. Although there were no differences detected between the means or the mean difference was not different from zero, the large variation could be the reason for not detecting these differences. An increase in sample size could help to resolve this problem.
The IRS methodology described herein is a potentially good alternative to those laboratories that do not have IRMS or FTIR facilities. However, further analysis using a large sample should be done. The cost of the IRS instrument, like the one used in this study plus voltmeter that increases sensitivity, is approximately US$5,200. The sublimation may be avoided by carefully loading saliva samples into the IR cell, just after centrifugation [9] . The comparison of the IRS and IRMS techniques for measuring deuterium oxide enrichment showed a reasonable agreement and provided similar estimates of milk intake and maternal percent body fat in the mother-infant pairs studied.
